Ten experimental diets were formulated to meet the 40% crude protein requirement of the African mudcatfish, Clarias gariepinus. In six of the diets fishmeal served as the main protein source while in the remaining four diets fishmeal was supplemented with either GNC or soybean cake to make isonitrogenous diets. The binding efficiency and some physical properties of diets formulated from each of the five binders: rice bran, brewery distiller grain (BDG), corn bran, soybean and groundnut cake (GNC) were assessed. Any of the other binders was used when either soybean or groundnut cake was not included in the diet. Ingredients were ground and sieved to a particle size of 350µm. Three mash conditioning methods: cold water, warm water and cold water with oil coating of pellets were used for mixing each set of ten diets. Physical parameters and binding efficiency were evaluated using floatability, bulk density (BD), water absoption index (WAI) and thickness swelling (TS). Feed with rice bran had the highest floatability with the least BD,WAI and TS. Feed with groundnut had the highest BD, WAI and TS and the least floatability. Mash conditioning with warm water gave a higher floatability over those with cold water but coating of feed with oil after cold water conditioning gave the highest floatability. There is direct relationship between floatability and bulk density (BD) and between floatability and water absorption index (WAI).
Introduction
In order to promote good health and attain maxium production, fish has to be fed. Fish nutrition is therefore critical to aquaculture as it represents 40 -50% of the production costs. Feed is a mixture or preparation used to feed livestock. Over 90% of the feed used for livestock such as sheep, cattle, pigs and poultry is in mash form. A mash is an unpelleted feed mixture while pellet is a feed mixture mehanically forced into a formed shape, usually by compression or extrusion.. Compounded feeds are preferred for fish and shrimp due to the peculiar solvent property of water (FAO, 1990) . There has being development and the use of manufactured or artificial diets (formulated feeds) to supplement or to replace natural feeds in the aquaculture industry (FAO, 1997) . A wide variety of techniques exist for the manufacture of complete aquaculture feeds ranging from straight mixing/blending to micro encapsulation (New, 1987) . Feed formulation and preparation is the process of combining feed ingredients to form a mixture that will meet the specific goals of production. The most desired qualities in pellets are durability, crushing strength, and water resistance. Pellet durability and efficiency can be substantially improved by proper steam conditioning of mash. Steam brings to the surface of pellet mash particles the natural oils and provides lubrication of the pellet die reducing wear on the die and roller assembly and increasing production rates (Behnke, 1996) . Different ingredients combinations produce different levels of pellet bouyancy or spatial behaviour within the water column (Strahm and Plattner, 2001) . Therefore, it is important to have the right ingredients mix for optimum physical characteristics and to avoid wastage due to pellet disintegration in water and nutrient leaching from pellets (Cho, 1980) . Clarias gariepinus is one of the most cultured fish in Nigeria and it is circumtropical (Olomola, 1990) . In this study the physical properties of feed formulated for the African catfish, Clarias gariepinus, using different binders and three mash conditioning methods were assessed.
Materials and Methods

Diet formulation
Feed ingredients were purchased at a local feed mill in Akure. The ingredients were ground and sieved to a particle size of 350µm. Ten experimental diets were formulated. Five binders: rice bran, brewery distiller grain (BDG), corn bran, soybean and groundnut cake (GNC) ( Table 3 ). These binders were used when either soybean or groundnut cake was not included. In six of the diets fishmeal served as the major protein source while in the remaining four diets fishmeal was supplemented with either GNC or soybean cake (plant protein sources commonly used to reduce cost).
Mash conditioning methods
Three mash conditioning method used for the mixing of ingrediets were:
Method 1: Mash conditioning was done with cold water.
Method 2: Mash conditioning was done using warm water boiled to 50 0 C.
Method 3:
Mash conditioning was done using cold water but the pellets were coated with oil.
Diet Preparation
For each set of the ten diets, the three mash conditioning were used making a total of thirty diets. Mixing and pelleting of all the diets were done using Hobart (Model A-2001) pelleting machine.
Physical parameters assessed
The following parameters were assessed on each set of prepared diets: floatability, bulk-density, water absorption index and thickness swelling.
Floatability
Floatability was determined as the amount of time (minutes) it takes a pellet sample to flow on 15cm water depth. A sample was taken from each diet on each preparatory method and placed at the surface of 15cm deep water. The time taken for each sample to sink through the water column was recorded.
Determination of Bulk Density
This was calculated using Bulk Density= where, T 1 = the thickness of the pellet sample before immersion (cm)
T 2 = the thickness of a pellet sample after being immersed in water for three Minutes (cm)
Results and Discussion
The results from this study showed that the ingredients used in feed formulation affect pellet characteristics. Diet with rice bran had the maximum floatability period. This was followed by the diets with brewery distiller waste while diets with groundnut cake had the least. The natural binding qualities of the ingredients used in formulation could be utilized to their fullest extent instead of adding other non-nutrive binding agents. Sinnce rice bran gave the highest floatability, it not only served as source of starch but also as a good binder giving the least WAI and TS. Although both GNC and soyabean have the same quantity of crude protein, their bulk density differs, this affects the floatability of the diets. Table 3 presents the results obtained from warm water mash conditioning preparatory method. Steam or water is added to increase the moisture content of feed products. The same trend of relationship between floatability and BD that occured with cold water preparation was also observed. In the two methods, both WAI and TS almost yielded the same value for their respective BD. It was noted that warm water enhanced FT (Figure 1 ). FT at each corresponding BD is higher in warm water treatment than cold water. This may be due to some degree of pre-gelatinization that might have taken place as a result of the higher temperature. Starch possesses a unique ability to lose its crystalline structure and become a viscous gel during processing. This allows it to disperse through and around structures of otherorigins. his loss of crystalinity is known as gelatinization (Svihus et al (2005) .The results obtained from analyses of samples prepared from cold water with oil surface coating is shown in Table 4 . The results also followed the similar trend with that of ordinary cold water. But floatability was highly enhanced with coating. The corresponding FT to the same BD is higher than in both ordinary cold water and warm water conditioning (Figure 1) Diets with GNC had the least floatability.This was due to the higher BD of the GNC. The composition of diets affect floatability; it was found out that the higher the bulk density, the lower the floating time. Warm water conditioning resulted in diets with higher floatability than cold water conditioning. The higher the temperature, the higher the galatization and the higher the floatability Tacon (1988) stated that pelleting involve the use of moistened heat and pressure to agglomerate ingredients into larger homogenous particles. Steam or hot water added to the ground feed mixture (mash) during pelleting gelatinize starch which aids in binding ingredients. Generally steam is added to the mash to increase moisture content and temperature.
Oil coating even when pellets were conditioned with cold water gave higher flotability.The amounts of fat, fibre or starch can influence the quality of pelleted feed. Addition of fat to the surface of small particle feeds improves water stability and allows diet to float thereby giving the fish easier access to the feed (Steven, 1987 ).
Higher floatability is desired in pellets since any finished feed that can seperate into two or more of its component parts through the action of stresses such as dusting, vibration, screening, and generation of static electrical charges is said to be physically unstable. Pellet quality, according to Tacon, (1988) , refers to resistance to crumbling and to stability in water. Controlling feed wastage improves feed conversion and reduces nutrient losses. One of the most significant among the abiotic factors affecting fish during growth and development is feed. It directly influences the quality of fish (Kazlauskiene and Vosliene, 2006) Besides feed composition and the balance of its constituents, feed mixing and pelleting makes the unstable dry mash more stable and acceptable. Marcus (2007) reported that pellet quality can be improved significantly with little cost by improving the feed production processes.
Conclusion
This study has shown that floatability in diets where binders like ricebran, BDG and corn bran were used was higher than those with either soybean or GNC. GNC gave the least floatation. Diets prepared using mash conditioned with warm water float longer than that from cold water. This could be due to the fact that gelatinized starch from cereal grain is an important ingredient allowing the feed particles to expand during extrusion. Although the temperature of mash conditioning affected floatability, surface coating of pellet with oil resulted in Rice bran 10 10 - 
